The technology of high-temperature pyrolysis (over 850 • Completely neutralize domestic waste of all types;
gas, superheated steam
Virtually for all regions of the Russian Federation where the share of the urban population reaches 70% one of the main tasks in the sphere of environmental protection is to solve the problem of neutralization and recycling of domestic waste. Of these, the waste forming in the residential areas is the most problematic one due to a complex morphological composition and distributed sources of formation [1] . According to the statistical average data, 1 to 1.4 m 3 of solid domestic waste (SDW) is formed for every Russian urban dweller per year. Moreover, the quantities of domestic waste continue growing but areas for waste burial are reducing [2] .
The technology of high-temperature pyrolysis (over 850 ∘ C) is one of the most efficient ways of SDW neutralization and recycling. This technology implemented without air access or with a limited quantity of air is capable to provide the following [3] :
• Completely neutralize domestic waste of all types;
• Reduce the waste volume in 10-20 times and the waste mass in 3-4 times;
• Produce inert waste residues incapable of the negative impact on the environ- • Produce gaseous fuel in the quantity up to 1.0-1.4 m 3 /kg of waste with the calorific value up to 11 MJ/m 3 [4] .
The above advantages of domestic waste pyrolysis technology are best manifested when waste is thermally treated in shaft furnaces of cupola type. A wide experience in engineering, modernization and industrial operation of these furnaces [5] [6] [7] [8] leads to the following conclusions:
• Technology of SDW recycling can be implemented regardless of the waste chemical composition and without additional preparation;
• Energy efficient and highly productive operation of the shaft furnace is ensured by heat conditions with a high thermal efficiency coefficient at minimum capital and operational expenditures at a restricted area where production equipment is located;
• Secondary waste in the form of pyrolysis gas is used as an energy source for generation of hot water, steam or electric power;
• Secondary waste in the form of mineral melt is an environmentally safe resource for production of crushed stones or heat insulating materials.
The system of equipment for domestic waste recycling in an energy plant based on a shaft furnace of cupola type is shown in Figure 1 . Thermal energy required for execution and termination of physical and chemical processes during SDW treatment is provided in the furnace bottom using burners installed at three levels around the perimeter of the furnace shaft (17, 18, 19).
Pyrolysis gas generated without air access during SDW heat treatment can contain up to 10 g/m 3 of dust components. This secondary resource is separated during two-stage cleaning of waste gases which includes a cyclone (7) and bag filter (8) .
Undecomposed solid products remaining after heat treatment in the areas of pyrolysis, Thus, the suggested boiler system provides simultaneously hot water from the economizer and saturated or superheated steam that can be used for heating or power-producing purposes. For deeper heat recovery of pyrolysis gas combustion products, a fan (15) and air heater (16) can be installed. They can preheat air supplied through tuyeres to the unit up to the temperature of 400-450 ∘ C. In addition, stabilization of unit performance parameters is achieved.
Conclusions
1. The proposed technology of high-temperature solid domestic waste recycling in the shaft melting unit is energy efficient and resource saving as it can provide complete disposal of current domestic waste and recycling of existing waste dumps with generation of pyrolysis gas in the quantity up to 1200 m 3 /t and safe mineral waste.
2. Thermal operation of the technological system does not require significant inputs of mineral fuel at a relatively high value of the thermal efficiency coefficient up to 70% which can be achieved at a minimum consumption of solid fuel equal to 5% in relation to the charged burden.
3. The proposed technology significantly reduces emissions of greenhouse gases as their quantity is connected with combustion products of pyrolysis gas and insignificant coke additions.
4. The proposed technology of solid domestic waste recycling is based on the experience of thermal operation of cupola furnaces as there is a wide experience in using cupola furnaces in metallurgy, machine-building and construction materials industry. This knowledge and experience can be successfully used for design engineering and construction of the solid domestic waste recycling system.
